As part of the Bacillus subtilis genome sequencing project, we have determined a 283 kb contiguous sequence from 210" to 232" of the B. subtilis genome. This region contains the 48 kb skin element which is excised during sporulation by a site-specific recombinase. In this region, 310 complete ORFs and one tRNA gene were identified: 66 ORFs have been sequenced and characterized previously by other workers, e.g. acC ans, bfm8 blt, bmr, corn€, comG, dnaK, POD and sin operons; cwlA, gpr and /FA genes; many sporulation genes and operons, spoOA, spollA, spollM, spo//P# spolllA, spolllC spo/W, Sp0lv-8 spolVCB and *OVA, etc. The products of 84 ORFs were found to display significant similarity to proteins with known function in data banks, e.g., proteins involved in nucleotide metabolism, lipid biosynthesis, amino acid transport (ABC transporter), phosphate-specif ic transport, the glycine cleavage system, the two-component regulatory system, cell wall autolysis, ferric uptake and sporulation. However, the functions of more than half of the ORFs (52%, 160 ORFs) are still unknown. In the skin element containing 60 ORFs, 32 ORFs (53%) encode proteins which have significant homology to gene products of the B. subtilis temperate phage 4105 and/or the defective phage PBSX. The EMBUGenBankDDBJ accession number for the nucleotide sequence reported in this paper is D84432.
the understanding of the function of whole genes, global regulation of gene expression and molecular evolution. As part of the international B. stlbtilis genome sequencing project, we report here the cloning and sequencing of the ~sA-spolllC region (21 Oo-232O, 282 700 bp) containing the skin element (Takemaru e t a/., 1975).
A DASH I1 and EMBL3 libraries of the B. szrbtilis JH642
(trpC2pheA I ) chromosome partially digested with MboI, EcoRI and Hind111 were constructed as described previously (Takemaru et al., 1995) . Clones used for sequence determination were isolated from these libraries by plaque hybridization (Sambrook e t al., 1987) PCR (Ochman e t al., 1988) directly from the chromosome (Fig. 1) . Almost all sequences were determined by a strategy based on a combination of PCR and random sequencing using a Dye Primer Cycle Sequencing Kit (Applied Biosystems), i.e. preparation of a random library, amplification of inserts subcloned in M13 phages by PCR and sequencing of randomly selected inserts (Takemaru e t al., 1995) . The sequences at the gaps and junction regions of DNA fragments were determined using region-specific primers (Ogasawara e t al., 1994) and a Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems). The compiled sequences were analysed using the ATSQ program from Software Development.
Putative ORFs in the region were searched in all six possible translation frames. We considered the longest possible ORF starting with ATG, GTG or TTG and preceded by a Shine-Dalgarno sequence to be a valid ORF (Takemaru e t al., 1995) . Based on these criteria, 310 putative ORFs and one tRNA gene encoding tRNAg1* were identified. The initiation codon appears to be ATG in 242 cases, TTG in 39 cases and GTG in 29 cases. ORF products comprising 100-199 aa are most abundant (94 cases), followed by 200-299 aa (67 cases) and 300-399 aa (62 cases). The locations and directions of transcription of the ORFs are illustrated in Fig. 2 together with their functional assignment as discussed below. The direction of transcription and translation of 259 ORFs (84% of total) and that of replication fork movement were the same.
The amino acid sequence of the putative product of each ORF was compared with the SwissProt and GenBank protein databases using the GENETYX-MAC program from Software Development. We found that 66 ORFs had been sequenced and characterized previously (identified ORF) .
These ORFs are shown in Fig. 2 Krogh et al., 1996) . Several ORF products in the skin element also have significant similarities to those of the B. s~btilis temperate phage $105 and their arrangement is also similar ( Table 2 ). This result further strengthened the possibility that the skin element is a cryptic remnant of an ancestral phage (Takemaru e t al., 1995 (Surin etal., 1985) ; YqeE and YqiI are similar to B. sttbtilis minor and major autolysins CwlA and CwlB, respectively (Kuroda & Sekiguchi, 1990 ; Y q N and YqkL are similar to E. cola' ferric uptake regulatory protein Fur (Schaffer e t al., 1985) ; YqfD, YqgT and YqjG are similar to B. megaterizim sporulation-specific protein SpoIV (Meinhardt et al., 1994) , B. spbaericus endopeptidase I (Hourdou e t al., 1993) and B. stlE7tili.r SpoIII J (Errington e t al., 1992), respectively (see Table 1 ). (85) 242 (231) 49.1 (391) 36.4 (242) The 210'-232" region of the B. stlbtzfis chromosome t The number of amino acids over which the percentage match was determined is shown in parentheses.
$ Y . Kobayashi and others (unpublished) .
Analysis of the function of ORF products is summarized in Table 3 . Sixty-six ORF products had been identified previously, both biochemically and genetically (identified ORFs, Fig. 2 ). The functions of six ORF products are highly probable, since they had very strong homology with their homologues (probable ORFs ; Fig. 2 Fig. 2 ). This result shows that the functions of more than half of the ORFs (unknown ORFs and no database match, 52%) are unknown.
In conclusion, we found that our region has many sporulation-specific and relatively few metabolic genes. B. stlbtilis has about 50 sporulation-specific genes and operons (Errington, 1993) . Although our region covers only 7 % of the whole genome, it contains 10 sporulationspecific genes and operons and two sporulation gene homologues (more than 20% of the total number of sporulation-specific genes). It contains one tRNA gene, one aminoacyl-tRNA synthetase gene, two ribosomal protein genes (rpsT, ~p s U ) , a major vegetative CT factor gene (rpoD), the dnaK operon, one two-component regulatory system and two fur homologues. We also found that there are significant differences in the organization of operons in B. szlbtilis and E. coli. For example, the B. strbtilis pst operon contains a tandemduplicatedpstl? gene, while the E . colipst operon has only onepstB, but hasphoU which, in B. subtzlis, is located in a different region (Takemaru e t al., 1996) . The B. stlbtilisgcv operon consists of three genes, gcvT, gcuPA and gcvPB, while in E. coli the gcv operon consists of three different genes,gcvT,gcvHandgcvP. The B. stlbtilisgcvPA andgcuPB products are similar to the N-terminal and C-terminal halves of the E. coli GcvP protein, respectively, suggesting that an ancestral B. stlbtilisgcvP was divided into two parts during evolution (M. Mizuno and others, unpublished) . In contrast, the organization of the B. szlbtilisgln operon is identical to that of E. cola, i.e. glnH, glnP and glnQ. These facts suggest that the operons of Gram-positive and Gram-negative bacteria have evolved independently, since they diverged more than 1 billion years ago (Hori & Osawa, 1987) .
